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In  o u r  p i l o t  s t u d i e s  conce rn in?  t h e  effect of s p a c e  e n v i r o n m e n t s  on 
t h e  c i r c a d i a n  l e a f  movements, w e  have d e v i s e d  a sma l l  l i g h t w e i g h t  l e a f  
movement r e c o r d i n g  sys t em u s i n g  a s t r a i n  gauge  coup led  t o  a n  a m p l i f i e r  
and  a r e c o r d e r .  
The need for such  a s y s t e m  was d i c t a t e d  by t h e  p h y s i c a l  l i m i t a t i o n s  
of a n  o r b i t i n g  c a p s u l e .  We have  a l s o  found t h a t  such  a s y s t e m  i s  u s e f u l  
for e a r t h b o u n d  e x p e r i m e n t s .  The  sma l l  s i z e  of t h e  s e n s i n g  u n i t  makes i t  
pOSSib!e to place Sp_VeE!! Li t?! tS  W, E3 SiRg?C p l a n t .  The i i iGi i i tGiSd p l a n t  m y  
e a s i l y  b e  p l a c e d  ir: . s m a l l  c o n t r o l  chamber. I t  would be  d i f f i c u l t  t o  
dup l  i c a t e  t h e s e  r e c o r d i n g  c a p a b i ?  ities u s i n g  kymographs. Fu r the rmore ,  
c o n t i n u o u s  r e c o r d s  of s e v e r a l  weeks d u r a t i o n  may b e  o b t a i n e d  when t h e  
movements a re  r e c o r d e d  on a s t r i p  c h a r t  r e c o r d e r .  
D e s c r i p t i o n  of t h e  sys t em 
The a c t i v e  e l e m e n t  of t h e  l e a f  movement s e n s i n g  u n i t  i s  a s t r a i n  
gauge  t h e t  i s  1/32 inch  wide  a n d  9/64 inch  long.  The gauge  (EA-09-O3lDE- 
120) i s  made by Micro-Measurements ,  Inc ,  of Romulus, Michigan.  I n  our 
e x p e r i m e n t s ,  t h e  s t r a i n  gauge  was g l u e d  w i t h  Eastman 910 a d h e s i v e  t o  t h e  
c e n t e r  of a 0.001 inch  t h i c k  b r a s s  sh im s t o c k ,  measu r ing  1/16 inch  wide 
and  16 i n c h e s  long.  
i nch  long  t a b s  a t  t h e  e n d s  of t h e  h a l f  loop. One of t h e  t a b s  i s  g l u e d  t o  
t h e  l e a f  p e t f o l e  and  t h e  o t h e r  t o  t h e  m i d r i b  o f  t h e  l e a f  b l a d e  w i t h  
p o l y v i n y l a c e t a t e ,  which i s  t h e  $ 'wh i t e  g l u e "  o f  comnerce ( s e e  f i g .  1 ) .  
I n  t h e  amounts  u s e d ,  t h e  g l u e  was n c t  t o x i c  t o  t h e  p l a n t  o r g a n s .  The 
s t r a i n  gauge  i s  p a r t  of  t h e  b r i d g e  c i r c u i t  t h a t  i s  s u p p l i e d  w i t h  D . C .  
v o l t a g e .  The s i g n a l  g e n e r a t e d  by t h e  movements of t h e  l e a f  b l a d e  i s  s e n t  t o  
t h e  a m p l i f i e r  of t h e  hi inneapol is-Honeywe11 Brown r e c o r d e r  a n d  t h e  a m p l i f i e d  
s i g n a l  is r e c o r d e d  OP t h e  s t r i p  c h a r t ,  
The b r a s s  shim i s  formed i n t o  a h a l f  l o o p  w i t h  t 
The r e c o r d i n g  sys t em proposed  for t h e  o r b i t i n g  s y s t e m  h a s  t h e  same 
b r i d g e  c o n f i g u r a t i o n  b u t  h a s  a P h i l b r i c k  R e s e a r c h e s  sol id  s t a t e  amp1 i f i e r  
PP65A i n s t e a d  of t h e  r e c o r d e r  a m p l i f i e r  ( s 3 e  f i g .  2 ) .  The v o l t a g e  s u p p l y  
t o  t h e  a m p l i f i e r  d e r i v e s  i t s  power from a 22.5, 45.0 v o l t  p o r t a b l e  " B l l  
b a t t e r y  and  t h e  v o l t a g e  i s  r e g u l a t e d  a t  15.0 v o l t s  by t h e  IN965 Z e n e r  d i o d e s ,  
The d i f f e r e n t i a l  s i g n a l  o u t p u t  of t h i s  s m a l l e r  sys t em is  a t  l e a s t  0.2 v o l t s  
w i t h  a l e a f  d e f l e c t i o n  o f  a r o u n d  30 The w e i g h t  of t h i s  s y s t e m  l e s s  power 
s u p p l y  is a round  1,O Ounce and  t S e  d i m e n s i o n s  are  3 i n c h  by  i i nch  by 2 
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The sensing u n i t  was tes ted  f o r  temperature e f f e c t s  and f o r  
vo l tage change e f f e c t s .  
27'C. t o  45OC. the lea f  angle readings on tk Brown recorder va r ied  
2'. 
l e a f  angle reading. 
When the ambient temperature was va r ied  from 
0 
Thus a 1'2, change i n  ambient resu l ted  i n  an e r r o r  o f  0,11 i n  the  
Th is  e r r o r  i s  consic'ered n e g l i g i b l e  f o r  our work 
s ince the  
+ n.2 c .  
gauge f o r  
The i n e r t  
va r i a t  ion  
0 
- 
temperstu-: v a r i a t i o n  on our growth chamber can be kept down to 
P.s 2 f t irthci iefinement, the ~ i i t s t i t i i t i o n  o f  another s t r a i n  
the  120 ohm r e s i s t o r  i n  thg  br idge w i l l  e l im ina te  t h i s  e r ro r .  
subs t i t u ted  gauge w i l l  ac t  as a standard cont ro l ,  A vo l tage 
o f  1-0 v o l t  suppl ied t o t h e  s t r a i n  gauge resu l ted  i n  an e r r o r  of 
0 
10-0 i n  l e a f  angle reading. However, the  vo l tage supply can be regulated 
t o  w i t h i n  + 0.02 v o l t s  under most cond i t ions  and the  r e s u l t i n g  l e a f  e r r o r  
w i l l  on l y  be +0,2O, 
- 
T h i s  e r r o r  i s  considered n e g l i g i b l e  for our  experiments. - 
To t e s t  the r e l i a b i l i t y  and accuracy o f  the  system, the  s t r a i n  
gauge u n i t  was at tached t o  a primary lea f  o f  a P i n t o  bean. A kymograph 
was a l s o  at tached t o  the same l e a f  and fou r  days of records were obtained. 
The kymograph recorded the  l e a f  movements by means o f  a leverage system 
t h a t  had the  l e a f  a t tached by means o f  a thread t o  one end and a pen 
t o  the o ther  end. The pen produced a permanent record on a char t  c a l i b -  
ra ted  t o  read ou t  the  l e a f  angles d i r e c t l y ,  The char t  was wrapped around 
a drum t h a t  turned once a week, The s t r a i n  gauge s igna ls  were recorded 
on the M ,  H, Brown s t r i p  char t  recorder. The r e s u l t s  o f  the  s t r a i n  
gauge records were compared with the records o f  tk kymograph. The 
time sequence o f  the peaks and d i m  of the two records were i d e n t i c a l .  
Upon f u r t h e r  examination i t  was found tha: t he  !eaf angle values were 
not d i r e c t l y  corre1a'-zd between the s t r a i n  gauge records and the kymo- 
graph records, Upon p l o t t i n g  zhe corresponding p o i n t s  o f  t he  kymograph 
and t h e  s t r i p  char t  records, i t  was found t h a t  the maximum d e v i a t i o n  o f  
the  s t r a i n  gauge records was no t  more than 5O from the values o f  the  
kymograph records (see f i g ,  3 ) -  Since the peaks and d ips  on the curves 
a re  no t  d isp laced i n  t ime sequence we f e e l  t h a t  the  dev ia t i on  i s  no t  l a rge  
enough t o  i n v a l i d a t e  the  s t r a i n  g a q e  records f o r  cyc le  length  studies, 
4 
This  u n i t  i s  being used i n  experiments 
l i g h t  dark cyc les on the  l e a f  movements o f  P 
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Fig. 1 .  LEAF MOVEMENT SENSING UNIT 
The unit  i s  glued to t h e  petiole and midrib of a Pinto bean l ea f .  
Wires lead ,ff u n i t  to rest of  bridge and recorder. A Micro- 
Measurements, Inc ,  s t ra in  gauge (EA-09-031DE-120) Is glued to : 
center of uni t  (Arrow). 

b 
Fig. 2 LEAF MOVEMENT RECORDING CIRCUITY 
The system has 3 sections. 
gauge as the leaf movement sensing unit, 
with a Philbrick P65A or PP65A unit wired for lOOOX amplified 
~ u t p u t .  
diodes, 
( 1 )  Bridge circuit with a strain 
(2) Amplifier unit 
(5) Renyu!sted vcltage supply Iimited hy 1~965 Zener 
. 
EA-09-031DE-120 
A M P L I F I E R  
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, .  
-T- IN965 
STRAIN GAUGE BRIDGE 
REGULATED VOLTAGE SUPPLY 
LEAF M O V E M E N T  RECORDING C I R C U I T R Y  
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F ig  3 .  STRAiN GAUGE- KYMOGRAPH CORRELATION GRAPH 
The curve depicts the r e l a t i o n  between s t r a i n  gauge record 
and kymograph record taken simultaneously from same l ea f .  
Actual l e a f  angle i s  given a t  r i g h t  s ide.  Hor izonta l  
position i s  given a value of 90 and v e r t i c a l  down p o s i t i o n  
i s  given a v s ~ e  o f  !$O'. 
c o r r e l a t i o n  curve. 
0 
~ o t t e d  ~ u r v e  depicts the icieai 
I * . .  * 
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